Brazilian grape cultivation focuses on wine production. Latest data from the United Nations Drganization for Food and Agriculture (Food and Agriculture Drganization, 2012) shows Brazil was the 11 th largest grape producer in the world, dates from 2011, and its harvest corresponded to approximately 1.5 million tons of grapes; i.e., 80,003ha of area produced throughout national territory (Instituto Brasileiro de Geografia e Estatística, 2012). Rio Grande do Sul State as the biggest national producer, responsible for 829,589 tons of grape production per year, which represents approximately 55% of total Brazilian cultivation (Empresa Brasileira de Pesquisa Agropecuária, 2013).
Grape seed: an agro-industrial waste
Nowadays we observe a large expansion of wine production, increasingly biomass residue which, from an environmental point of view, can be used for a beneficial purpose for human beings and the environment (Kobori & Jorge, 2005) . Reusing the biomass residue would solve, at least in part, storage problems and wine by-products. However, the main importance is due to its content is rich in lipids, bioactive compounds (such as vitamin E, phytosterols and phenolics) which is important to food, pharmaceutical/phytotherapy and cosmetics industries (Kim et al., 2013; Rockenbach et al., 2010; Nakamura et al., 2003) .
Wine by-product is composed basically of peel, seed and grape stems. In general, peel and grape stems are not economically utilized. However, the seeds are used in the food industry and can create some opportunities to lower production costs and new food source for human consumption (Gokturk Baydar & Akkurt, 2001) . In this context, the seeds appear as a good economical and healthy source. For the industry point of view, the reuse of grape seed is concentrated in the oil and flour. Grape seed flour is the residue from seed oil manufacture and has not receive much attention but may be a potential rich source of natural antioxidant and others healthy compounds as the fiber (Lutterodt et al., 2011) .
Current amount of seeds can vary between one and four units per grape. According to Matthäus (2008) wet residue produced by industry there is about 10 to 12 kg of seeds obtained. Lipid content of grape seed is around 7 to 20% (Beveridge et al., 2005; Luque-Rodriguez et al., 2005; Cao & Ito, 2003) . In addition, there are also around 35% of fiber, 11% of protein, 3% of minerals and 7% of water. Minor compounds concentration can vary, depending on the technological processing performed and many environmental cultivation conditions (Luque-Rodríguez et al., 2005; Schieber et al., 2002) .
Grape seed extract (aqueous or alcoholic) are part of agro-industrial residue of wine industry more extensively studied because of its high antioxidant potential (Peralbo-Molina & Luque de Castro, 2013; Lafka et al., 2007) . Beneficial effects of seed extracts include: modulation of antioxidant enzymes expression (Puiggròs et al., 2005) ; protection against oxidative damage in brain cells of rats (Guo et al., 2007) ; atherosclerosis in hamsters (Vinson et al., 2002) and some anti-inflammatory effects (Wang et al., 2009 ). Due to grape seed has a considerable content of phenolic compounds (around 60 to 70% of the total of minority compound), in smaller percentages in other parts of the fruit, such as in peels (28-35%), and lower values are found in the pulp (approximately 10%) (Revilla et al., 1997) . Maier et al. (2009) and Shi et al. (2003) identified some phenolics compounds such as some monomers (gallic acid, catechin, epicatechin and epicatechin-3-D-gallato) and wide variety of procyanidins oligomers in grape seed.
Grape seed oil (GSO)
Vegetable oils are part of human diet, and the search for new sources has to increase since there is a preference to replace animal fats (butter and lard). There is a worldwide trend in new sources searching for vegetable oil, and a lot of research has been carried out around the world for this propose, mainly with fruits seeds such as GSD (Chougui et al., 2013; Parry et al., 2005 Parry et al., , 2006 . GSD is quite widespread in Europe and has been manufactured in Germany, France and Italy since 1930 and it is gaining popularity as culinary oil, and has been studied as a possible source of specialty lipids (Camargo et al., 2010) .
Cold-pressing is a method of oil extraction that involves no heat or chemical treatment, and hence may retain more health beneficial components, such as natural antioxidants (Parry et al., 2006) . The cold-pressed oils may be a better source of beneficial components, such as antioxidative phenolic compounds (Bail et al., 2008) , as well as other health-beneficial phytochemicals (Crews et al., 2006) . Although the yield is usually lower than that with conventional solvent extraction, there is no concern about solvent residues in the oil, making for a safer and more consumer-desired product.
GSD composition has a high content of polyunsaturated fatty acids (PUFA), in the range of 85 to 90%; among them, linoleic acid (C18:2), exponent of n-6 series has been highlighted (Fernandes et al., 2013) . Linoleic acid (LA) is present in abundance in vegetable oils such as sunflower oil (about 60%), corn (about 52%) and soybeans (around 50%) (Tangolar et al., 2009) . LA is associated with promotion of cardiovascular health by down-regulating low-density lipoprotein cholesterol (LDL-c) production .
There are also chemical components in GSD with biological importance due to antioxidant activity (Figure 1 ). Among them include, phytosterols, tocopherols, tocotrienols, flavonoids, phenolic acids and carotenoids. Most importantly, GSD is source of tocopherols and tocotrienols, isomers of vitamin E (Fernandes et al., 2013) . In their composition it is possible to find vitamin E values, ranging from 1 to 53 mg/100 g oil (Freitas et al., 2008) depending on the grape variety and environmental cultivation conditions (Crews et al., 2006) .
Dthers minority compounds largely found in their compositions are phytosterols (Figure 1 ). Crews et al. (2006) showed an average between 2.58 and 11.25 mg of phytosterols per gram of oil. This data were confirmed later by Rubio et al. (2009) and Pardo et al. (2009) , indicating that β-sitosterol is the major constituent of phytosterols component in GSD, corresponding an average percentage between 67 and 70%. Campesterol and stigmasterol are found in the composition, while contents of Δ-5 avenasterol, Δ-7 stigmasterol and Δ-7 avenasterol are low (Matthäus, 2008) . Table 1 shows the range of phytosterols composition of GSD from the literature.
Vivancos & Moreno (2008) observed β-sitosterol may prevent the release of pro-inflammatory mediators by oxidased low-density lipoprotein-stimulated (oxLDL) macrophage on oxidative stress and eicosanoid synthesis.
Antioxidant capacity present in grape seed is well known, but studies from oil extracted are still not that explored in literature. It becomes interesting to identify and quantify these compounds present in GSD from different parts of the world submitted to different techniques of extraction (refine and cold pressed). There are many studies in the literature about the optimization of extraction process, due to polar affinity (Pinelo et al., 2005 ).
Evidence in literature shows GSD antioxidant acticity is directly related to the high concentration of vitamin E isomer, namelly γ-tocotrienol (Fernandes et al., 2013; Madawala et al., 2012; Freitas et al., 2008; Crews et al., 2006) which is rarely found in other oils. Table 2 shows the range of tocopherol and tocotrienol composition of GSD from the literature.
Studies have reported antitumor and antioxidant effects in fractions rich in tocotrienols (Choi & Lee, 2009) . Tocotrienols possess greater antioxidant potential when compared to others isomers of tocols on iNDS decreasing and CDx-2 inhibition. Another important role of tocotrienols consists of improving insulin sensitivity (Simopoulos, 1994) . In his perspective, GSD γ-tocotrienol could explain the potential antioxidant and/or anti-inflammatory effect of the oil.
GSO and physiological aspects of lipids
A fundamental nutrition aspect of n-3 and n-6 PUFA is its essentiality. An animal organism does not have the metabolic pathways to synthesize them, being required by diet supplementation. Linoleic acids (LA) and α-linolenic acid (ALA) are essential fatty acids (FA) and play as precursors of other long chain fatty acids (Umesha & Naidu, 2012 In the literature, the data is still controversial about the effects of different types of FA on health. There are close relation between n-6 PUFA intake and induction of inflammatory response via AA-derived. Dn the other hand, these FA have important role in homeostasis, regulating resolution and promotion of inflammation in immune response (Raphael & Sordillo, 2013) .
For example, Patterson et al. (2012) , suggests an antiinflammatory action of LA, showing levels of C-reactive protein decrease in serum in Japanese men and women; another work reported, by American Heart Association, that consumption of n-6 is related to the reduction in coronary risk of heart disease. The authors confirm that these types of FA should be consumed.
In general, deleterious effects from excessive consumption of PUFA n-6 family are found in the literature, nevertheless, it is not about the n-6 PUFA amount intake and the capacity to modulate cellular metabolism, but it is mainly related to n-6/ n-3 ratio. The levels of n-6 and n-3 and their ratio have been a primary focus of interest because they compete in metabolic pathways that impact cellular responses to physiologic stress.
These enzymes include the desaturases and elongases that generate the highly unsaturated fatty acids (HUFAs) (20-to 22-carbon fatty acids with 3 to 6 double bonds). HUFAs serve as substrates for synthesis of the eicosanoids; ie, prostaglandins (PG), leukotrienes (LK), thromboxanes (TX), and lipoxins (LX). Competition between n-3 and n-6 HUFAs for cyclooxygenases (CDx) and lipoxygenases (LDx) determines which types of eicosanoids will be synthesized and thus potentially influence inflammatory, thrombogenic, and vascular responses (Harris et al., 2006) . According to Simopoulos (2003) , in Western diet, n-6/n-3 ratio is close to 15-16/1, contrary to which is assumed in a healthy diet (5-4/1). In this way, increasing of n-6/n-3 ratio is a factor of inflammation degree, since derivatives from PUFA n-6 metabolism may initiate and exacerbate inflammatory responses, by pro-inflammatory eicosanoids predominance, suggesting a specific relation between PUFA, immune system and pathogenic diseases (Calder, 2011) .
Excessive n-6 PUFA intake, especially LA, is related to some chronic diseases, such as diabetes, greatest risk of coronary disease (Iso et al., 2002) and propensity to inflammatory conditions (Calder, 2009) , like neuroinflammation (Layé, 2010) , as well as atherosclerosis, cancer and mastitis (Simopoulos, 2003) .
As known, GSD composition is based for LA, and others bioactive compound such as phytosterols. Numerous sources in the literature point to phytosterols role in cholesterol absorption reduction in intestine and, consequently, decrease in plasma cholesterol levels.
According to Nash (2004) , GSD consumption of up to 45 grams of oil per day demonstrated increased HDL-cholesterol and reduced LDL-cholesterol levels in respectively 13 and 7% patients.
Recently, our study group published a work that assessed the effect of chronic consumption of GSD, obtained from the Brazilian market, in biochemical markers and inflammation of healthy rats and we found that GSD consumption did not induce significant metabolic changes, however the contribution to an increase in the levels of HDL was suggested, even a rise in levels of serum lipid peroxidation was noticed (Shinagawa et al., 2015) . Choi et al. (2010) showed GSD supplementation in pigs decreased levels of total fat 30% to 20%, this being important note for meat quality and closely correlated with lipid metabolism of animals. Kim et al. (2010) studied the effects of GSD on plasma lipid profile in rats and there were also significant reduction in total cholesterol and LDL-cholesterol. Asadi et al. (2010) related the GSD intake with the effects on serum cholesterol, hepatic and muscular; they verified in reduction of serum cholesterol in rats after 10 weeks.
Control of hyperlipidaemia was verified with GSD consumption (Vijaimohan et al., 2006; Gorinstein et al., 2003; Baba et al., 1999) and it has been shown that supplementation with the oil significantly reduced triglycerides and LDL-cholesterol level in rats treated by fat diets.
GSO and oxidative parameters
Excessive consumption of PUFA in the diet can be deleterious to an organism, due to the increase products such as peroxides and aldehydes. This occurs by presence of double bonds between α-T: alpha-tocopherol; β-T: beta-tocopherol; γ-T: gamma tocopherol; Δ-T: delta tocopherol; α-T3: alpha-tocotrienol; β-T3: beta-tocotrienol; γ-T3: gamma-tocotrienol; Δ-T3: delta-tocotrienol. Nd: non-detected; tr: trace amount.
carbon atoms in its chemical structure, being subject to oxidative processes action (Kruger et al., 2010) .
Dxidation can lead to damage to cell membranes, exacerbated RDS formation, changes in membrane lipids, proteins, enzymes, carbohydrates and DNA, thereby causing injury of balance and induce oxidative stress (Williams & Buttriss, 2006) . In this sense, it is necessary to promote a delicate balance between oxidation factors and mechanisms of antioxidant defense in biological systems, known as redox homeostasis (Valko et al., 2007) . This defense system is constituted by both enzymatic and non-enzymatic antioxidants. Complex enzymatic system includes superoxide dismutase (SDD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR) and etc. Non-enzymatic defenses such as reduced glutathione (GSH), bilirubin, uric acid, estrogen, lipoic acid, ascorbic acid, Coenzyme Q, melanin, tocopherols, carotenoids, lycopene, phenolic compounds and flavonoids (Valko et al., 2007) .
Antioxidant enzymes mechanism of action is complex and comprises basically of the action of three major enzymes: SDD, CAT and GPx. SDD is an enzyme present in all aerobic organisms and its biological role is the dismutation catalyze of superoxide ions in oxygen (D 2 ) and hydrogen peroxide (H 2 D 2 ). CAT role is based on the control of hydrogen peroxide levels, catalyzing its degradation (transforms H 2 D 2 formed into water and oxygen). GPx role is another way to eliminate hydrogen peroxide, acting on peroxides removal via reduction to water with concomitant oxidation of GSH to GSSG. GSH can be regenerated by the interaction of oxidized form with nicotinamina adenine triphosphate (NADPH), through GR (Laguerre et al., 2007) .
Enzymatic defense system involves a complex chain reaction via intracellular physiological adjustment. An imbalance in redox homeostasis system carries on oxidative stress. This condition is associated with autoimmune diseases, inflammatory neurodegenerative after suppression of modulation by antioxidants (Matsuda & Shimomura, 2013) . We can highlight atherosclerosis (Raposo, 2010) , cancer (Reuter et al., 2010) , premature aging (Halliwell & Gutteridge, 1999) , neurological disorders (Sayre et al., 2001) and diabetes (Evans et al., 2003) .
Antioxidant agents that may alter the oxidative stress state, such as phenolic compounds, flavonoids and vitamin E have recognized antioxidant potential and they are intrinsic in the oil GSD composition. The major compound found in GSD in the literature is the γ-tocotrienol composition.
Tocotrienols are closely related chemically with tocopherols; however, they have varying degrees of biological activity. The hypocholesterolemic, antitumor, neuroprotective, and antioxidant activity of tocotrienols or a tocotrienol-rich fraction (TRF) have recently received much attention. Numerous studies have investigated the simultaneous antioxidative and protective activity of tocotrienols against oxidative stress in cultured cells. Sen et al. (2000) reported that tocotrienols are effective for preventing glutamate-induced neuronal cell death by regulating unique signal transduction. Dsakada et al. (2004) demonstrated that tocotrienols purified from palm oil significantly attenuate hydrogen peroxide (H2D2)-induced neurotoxicity. And finally, Choi et al. (2010) demonstrated the potential protection of the tocotrienols on neuronal cells, using TRF from grape seed as antioxidant defense systems in tert-butyl hydroperoxide (TBHP)-induced oxidative injury in HepG2 cells.
GSO and inflammation
PUFA has a great potential in regulating lipid metabolism and oxidative process due to presence of insaturations (Mancini-Filho, 2010) . Consequently, it may induce changes in inflammatory state, by gene expression modulation involved in chronic and low-grade inflammation (Samuel & Shulman, 2012) .
By definition, inflammation is a key component of immune response to certain injury caused in a tissue. This response occurs in an attempt to neutralize and/or eliminate a source of this injury, restoring tissue function. A changing in magnitude control or duration of inflammatory response can cause major tissue damage and contribute to the emergence of diseases (Raphael & Sordillo, 2013) .
In this sense, PUFA amount and type can regulate the complex intracellular signaling system (Lottenberg et al., 2012) . The n-6/n-3 ratio contributes to the development of diseases related to inflammation, since the imbalance of the PUFA ratio is capable of initiating and exacerbating inflammatory responses, as explained above. However, although there is a recognized association between the exacerbated PUFA intake and incidence of metabolic diseases, the effective contribution of different types of lipids in metabolic changes is not fully understood (Kumar et al., 2014) .
The n-6 PUFA has the ability to modulate inflammatory gene expression by its potential binding to nuclear receptors in cell. Consequently, correlates with a decrease in LXR activity (liver x receptors) and PPAR (peroxisome proliferator-activated receptor) and an increase of NF-κB activity (nuclear factor kappa B) and of SREBP (sterol regulatory element-binding protein) (Masi et al., 2013; Afman & Müller, 2012) .
Although there are still factors that reconsider pro-inflammatory effect of n-6 PUFA, one of them is related to the product of chain eicosanoids family n-6, namely PGE 2. It is able to inhibit production of two cytokines (TNF-α and IL-1) and PGE2 also presents potential to inhibit inflammatory leukotrienes (LTB 4 ) via LDX-5 inhibition and induces lipoxins (LXA 4 ) production, responsible for the resolution of inflammation. However AA is not related to PGE2 expression only, which has variable effect cited above. It is also related by lipid mediator's expression like leukotrienes of series 4, TXB2 and PGF2 (Raphael & Sordillo, 2013; Calder, 2009 ). These findings reflect both actions pro and anti-inflammatory of the AA.
The relation between PUFA diet, inflammation and increased disease susceptibility is explained also by phospholipid content changes in inflammatory response (monocytes, macrophages and vascular endothelial cells) (Mello et al., 2012) . And consequently, increased some genes expression such as tumor necrosis factor α (TNF-α) and interleukins (the main ones are IL-1, IL-2, IL-6 and IL-8) mediated by NF-κB, increasing plasminogen activator factor inhibitor 1 (PAI-1) (Carvalho et al., 2006) . TNF-α is involved in modulating the effects of IL-6, which, in turn, is a cytokine pleiotropic and has an important role in inflammatory reactions, stimulating the production of acute phase of inflammation proteins in hepatocytes (Ramalho & Guimarães, 2008) . With the exception of adiponectin, that their production and secretion is inhibited in inflammation condition. Adiponectin is a potent inducer of physiological insulin sensitivity, anti-lipogenic, within antioxidant, anti-inflammatory and anti-fibrotic properties.
Few results from literature were found about the effect of GSD on inflammatory parameters. However, our studies suggested the maintenance of the ratio between anti and pro-inflammatory cytokines on serum, namely TNF-α/IL-10, after consumption of GSD for 65 days in healthy rats.
Conclusion
GSD consumption is still sluggish in Brazil and, over the years, wine production has increased, generating increasingly large volumes of waste. So, in this context, GSD is a value-added food. It is characterized by high linoleic acid composition, as well as minority compounds such as vitamin E and phytosterols. Reports in the literature on the benefits of GSD consumption for health are present, such as reduction of biochemical blood parameters, in other words, GSD provide a promising alternative vegetable oil in management of hypercholesterolemia.
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